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Response of Cotton to 2,4-D and 

Related Phenoxy Herbicides 


By J. E. Un.LER, OrOI)S J?e.~curch Divisioll, LlUric/I/t/lI"U/. Rcseu"ch Service, and 
H. M. KE~1PEN, J. "A. WiLKERSON, and C. L. Foy, OaUtomia Auric/lltllml 1!Ja:peri
mCllt StatiolL 

.A.lthouf!'ll 2,4-D and related 
phenoxy herbicides h a v e been 
widely used for the selective control 
of weeds in mUllY agricultm:al 
crops, some crops can be easily dam
aged by them. Studies OIl the re
sponse of cotton to these llerbicides 
are reported in this bulletin. 

In previous studies on the re
sponse of eoUol' to ester formula
tions of several pheno~J' acids, 
Behrens et al. (~r showed that 

1 Italic nUIDLJerS in parentheses refer to 
Literature Cited, p. 28. 

• 2,4-D=2,4-dichlorophenoxyacetic 
acid;..2,4':r'l'=2,4,5-trichlorollhell(jxyace
tic acid; MCPA=2-methyl-4-chlorophen
oxyacetic acid.; silvex, originnlly 2- (2,4,5-
T P) = 2 - (2,4,5-triehloroplielloxy) p ro pi
onle acid. 

2~4-D caused the greatest damage to 
cotton followed by 2,4,5-T, MCPA, 
and silvex.2 Gf)odman et 0.1. (3) 
reported that 2,':I:-D damnged cotton 
far more than the other three herbi
cides. 'Watson (.4.) concluded that 
2,4-D and M('PA caused similar 
damage to cotton, but both herbi
cides were more toxic than 2,4,5-T 
or silvex. He also observed that 
low rates of these compounds had 
stimulatory effects on cotton yield. 
ArIe (1) reported that when 2,4-D 
was added to irrigation water, it 
had a stimulatory effect on cotton 
yield. He noted that foliage appli
cations of 2,4-D caused n delay in 
crop maturity, but during a long 
growing season such n delay could 
result in increased yields. 

MATERIALS AND ~IETHODS 

The experiments summarized in of 6 years. For clarity they 
this bulletin were conducted at nre summarized as four major 
the FS. Cotton Field Station, studies, each spanning a 2-yeal' 
ShaJter, Calif., over a period period. 

Response of Cotton to Foliage Applications of Herbicides 

Cotton, variety Acala 4-42, was 
treated at the early-square, full
bloom, and early-boll stages of 
growth with the propylene glycol 
butyl ether ester formultttioll of 
two pilenoxyacetir acids-2,4:-D and 
2,4,5-T-ancl two phenoxypropi

onic acids-2-(2,4-DP)3 and silvex. 
The herbicides were npplied as 
topical foliagesprnys nt aCld equiv
nlent rates of 0.001, 0.0l, and 0.1 
pound in 100 gallons of water per 

32-_ (2,4-dichlorophenoxy) propionic 
acid. 

1 
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acre. During the first year of the 
study the a.l-pound rate was dis
carded after the first date of appli
cation and was replaced by 0.0001 
pound per acre. The plots were 38 
:feet long. Each had It single row 
in 1954 and three rows in 1955. 
The experimental desi~'1l WftS a 

randomized block replicated four '} 
times. Individual sprayers for each 
herbicide were used to avoid con~ 
tamination. Yield data were ob
tained by hand picking a single row, 
33 feet long, in each plot. Plant 
malformations were pictorially re~ 
corded throughout the season. 

Response.of Cotton to Soil Applications of Herbicides 
Aqueous solutions of an alkanol

amine sftlt formulation of 2,4-D 
and :MOPA were injected into the 
soil by attaching tractor-mounted 
spraying equipment to soil-fumiga
tIon injection shanks. The soil 
injections were f3 inches deep and 10 
inches from the cotton row on each 
side. In 19M>, 2,4-D was applied 
at 0.5, 0.75, 1.0, and 1.5 pounds per 
acre based on broadcast coverage 
and in 1957 at 0.01, 0.025, 0.10, and 
0.25 pound per acre. :MOP A was 
used at 0.25, 0.50, 0.75, and 1.0 
pound per acre in 1956 and O.lQ, 
0.25, and 0.50 pound per acre in 
1957. Each herbicide was applied 
in 15 gallons of water per acre. 

In 1956 the cotton was approxi
mately 10 inches tall and in the mid
square stage of development at the 
time of the herbicide treatment. 
In 1957 the applications were made 
on two dates. .tU the early date 

the cotton plants were 5 to 6 inches 
tall with very few squares. .At the 
later date the cotton plants were 
approximately 10 inches tall and in ,j 
the midsquare stage of deve]opment 
(comparable to 1956). The cotton 
treated at the early date was grown 
under a program of restricted irri
gation and frequently showed : 
symptoms of water stress. The 
cotton treated at the Inter datere~ .~ 
ceived normaJ irrigation. 

The plots had two rows and were , 
130 feet long. The experimental 
design was a randomized block with 
three replications. Yields were ob~ 
tained by machine picking both 
rows. Typical abnormalities in the 
plants were recorded pictorially. 
Samples for seed and fiberevalua
tions wore collected in 1957 from 
randomly selected plants before 
harvest. 

Response of Cotton to Simulated Ddft Rates of an 

Alkanolamine Salt Formulation of 2,4.D 


An alkanolamine salt formula
tion of 2,4-D at 0, 0.00001, 0.0001, 
0.001, 0.01, and 0.1 pound in 30 
ga,llons of water per acre was ap
plied in 1958 and 1959 as foliar 
treatments on cotton at monthly 
intervals beginning on ~fn.y 15 and 
continuing through A.ugust 15. In 
1959 the O.OOOOl-pound rate was 
discarded. It was realized that 30 
gallons per acre did not. simulate 
drift conditions, but this volume 
was considered necessary to assnre 
good distribution o·f. the herbicide 

at the time of application. The ex
perimental design was It randomized 
block with five replications. Each 
plot had four rows and was 100 
feet long. However, since only the 
two center rows were sprayed, two 
guard rows were left between treat
ments. Plywood shields were, used 
to confine t"he spraying pattern to a 
uniform GO-inch band. 

The plots were sprayed from 6 to 
9 ft.m. on eftch application date. 
'Yind velocities varied from 0 to 5 
miles per hour. The spray boom 

http:Response.of
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WtlS muinbtined at 14 inches above The cotton-plant development at 
the cotton foliage at each applica each application date wus us 
tion date. follows: 

Plant height 

f 

.~ 

.. 


Date 
lllny 1IL_______________ 
June 15______________ 
July 1u_----___________ 
August 15_____________ 

(itlOhe's) 
4-6 

1{}-17
24-36 
10--50 

The plots were machine harvested 
at the normal picking time and 
again after tt killing :rl"ost. Samples 
of seed cotl:on for seed ttl1cL fiber 
eVl1ltw-tiOll were obtained by har
vesting complete plnnts selected at 
random tht'oughout each plot beforo 

Plat.t growth 
3-4 true leaves. 
Plnut Ilenrly nt first bloom. 
Lower bolls nenr full size. 
Fully developed bolls, few opened bolls ou 

lower hulf of plnllt. 

harvest. Pl!ln& malf01:mations were 
t'ecorclecl at frequent. intervals 
throughout tho season. ]:lictorinl 
recOl'c1s of individlllll phlllt re
sponses to the treatment wete made 
IdtOl: each hel'bicido trelltment. 

Progeny Response of Cotton Treated With Herbicides 
Seed was conected ltiter several 

of the het'biGicln treatments. 1,'he 
seed cotton was ginned on It small 
roller gin. The seeds were su.ved 
and the fibet· wns submitted to the 
fiber lttbomtory for evaluation. 
13efOl:e planting, the seeds WCl"C acid 
doUnted and received II, normal 
fungicide treatment. III I:he acid
delillting pl'O(:ess, floating seeds 
wero discarded in 1957, but they 
were sa,Yeel in 1958. Cottonseed 
from plants that recoivec1 $Oil
injected trCtltments of 2,4-D and 
MOPA in 1%6 WIIS planted in the 
conventionn.l nHlnncl' in the field on 
April 15, 1957. 1,'he ('xperimental 
design was It randomized block with 
fOllr replications. The plot had 
one "ow nnd was 100 feet long. 
Emergence counts were made 1tl, 
15, 16, 17, ftnd :37 days ltiter plant
ing. Seedling vigor and growth 
nlll.ifOl'llllttions wero recorded. The 
cotton stand was equalized by hand 
thinning to 26,000 plants pOl' acre 
Oil MllY 28, and seed cotton yields 
WOI'O obutined at, harvest. 

In 1%8, the 195(j seed was agaiJl 
phtnted on April 11 along with seed 
snNec1 il"Om sill1 ilar 1957 studies. 
The herbieicle ttpplication mtes in 
the 11)56 imel 10;'57 studies were not 

similar (see tables 7 and 8). As in 
1957, all seed received It normal 
fungicide tl'eatmen& before plant
ing. The experimental design was 
it randomized bLock with five'repli
cations. The plot, had one row nnd 
was 100 feet long. Emergenco 
counts were made (j, 7, 8, 10,12,17, 
and 24 du,ys Idter planting. Seed
ling vigor and growth malforma
tions ·wore recorded. The cotton 
Sb111d was equalized by hand thin
ning to 32,500 plants pOI' acre on 
May 19 lmd yields of seed cotton 
woro obtained at harvest. 

Cottonseed sn.ved from the 1958 
studies, in which cotton waS treatecl 
with foliar spmys of 2,4:-D, was 
planted 1n1\)59. The seeds were 
acid dnlinted and treated with !L 

stancln,rd fungicide treatment. AJI 
seeds, including those f1onting, wore 
sa,yed. Lots of 25 seeds per herbi
cide treatment WOl"!'. randomly 
selected and planted in rOWS in flats 
in the greenhollse on Apl'il 10. The 
seeds were uniformly planted at It 
depth of 1 inch. Tho experimental 
design WllS a. randomized block "'ith 
fiye replications. Em er g en c e 
counts were made at 4: p.llI. on 8 
dttys n.£ter the first emergence. 
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Seeds from tho same lots were These plants were observed for 
also planted in nonreplicated 500- 2,4-D symptoms and were har
foot rows in the field on April 6. vested for yield in the fall. 

RESULTS AND DISCUSSION 


Response of ,-Cotton to Foliage Applications of Herbicides 


'When the cotton plants were in 
the early-square stage of develop
ment, the phenoxyacetic acids and 
phenoxy propionic acids caused epi
nastic responses in the plants in 2 
to 3 hours. Both groups of herbi
cides likewise produced an apparent 
increase in reel pigmentation. Reel 
pigmentation was most pronounced 
after treatment with the phenoxy
;propionic acids. The secondary
gTowth responses were quite 
different. The phenoxy acetic acids 
caused a characteristic "strapping" 
of leaNes, in which the development 
of the vascular system of the leaf 
appeared to exceed greatly the de
velopment of the remainder of 
the leaf. The vascular system of 
plan.ts treated with the phenoxypro
pionic acids appeared to be re
tarded, and "cupping" of the leaves 
resulted rather than strappino-. 
Anc>ther characteristic of the latt~r 
group was a temporary reduction 
in the rate of elongation of the 
internodes of the secondary growth. 
Both groups of herbicides caused 
the plants to be extremely brittle 
for several weeks after treatment. 

Se.ven weeks after the herbicide 
treatment of cotton in the earlv
square stage of development, 6.1 
pound pel' acre of all four herbi
cides had killed the terminals of 
the cotton plants. Only 2~4-D at 
0.01 ponnd per acre had killed an 
occasional terminal. The plant 
terminals survived h-eatment at the 
O.Ol-pound rate with 2,4,5-T, 2- (2, 
4-DP) , and silvex. None of the 
herbicide treatments caused death 
oJ terminals when 0.001 pound pel" 
acre was used. IlljUl"y,!lS mellstu'ec1 
by len,f malformation, was greatest 

with 2,4-D, followed by 2,4,5~T, 2
(2,4-DP), and silvex. The differ
ence in plant response to the 
phenoxyacetiu acids and the phe
noxypropionic acids 'was very 
marked. 

In 1954 many of the plants in 
which the terminals were killed 
failed to recover and a very poor 
stand resulted. In 1955 very few 
of the .plants were killed and re
growth from lateral buds occurred. 
Growth from the lateral buds of ! 

most. plants appeared near normal, 

-11i.

, 
-lifl -

FIGURE 1.-·-Plnnt response 1 month nfter 
treatment to O.O()l (top) und 0.1 
(bottom) pound per ncre of 2.4-D 
npplied fiS foliar Sllrays to cotton at 
the early-square stage. 
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~.. .. 

FIGURE 2.-Plant response 1 month aner treatment to 0.001 (top) and 0.1 
(bottom) pound per acre of 2,4,5-T applied as foliar sprays to cOttOIl at 
the early-square stage. 
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an indication that perhaps much of 
the herbicide was effectively iso
lated in the dead tissues. At the 
end of the season the vegetation pro
duced on the lateral buds showed 
few symptoms of the hel~bicide, 
except for delayed maturity. In 
fact,plants whose terminals had 
survived displayed much more 
epinasty. 

The terminals of cotton plants 
were not killed by all mtes of the 
herbicides that were applied at the 
full-bloom or early-boll stages of 
development. Seven weeks aftAr 
the herbicide treatment of plants 
in the full-bloom stage, only 2,4-D 
had caused marked malformation of 
the leaves, the extent of which was 
correlated with the rate of applica
tion. The other herbicides caused 
only slight malformation. All her
biCldes, except at the low rate, 
caused abnormalities in the cotton 
flowers. The flowers that devel
oped after treatment had fused 
petals and abortecl reproductive 
organs. It appeared al~o that the 
abscission la,yer had fn.Iled to de
velop normally, and dead flowers 
remained on the plant. Agarn 
2,4-D caused the grentest response, 
followed by 2,4,5-T, 2-(2,4-DP), 
and silvex. The same phenomenon 
was observed after herbicide treat
ment of plants in the early-boll 
staO'e of development. The treated 
pla~ts fn.Hed to defoliate at harvest. 

Comparisons of 2,4-D, 2,4,5-T, 
2- (2,4-DP), and silvex with regu.rd 
to plant. mnHormations are shown 
il1 figures 1-4 on pages 4-7. The 
mltlformation caused by 2,4-D to 
individual plant organs is shown in 
figure 5. 

Another secondary-growth re
sponse to the herbicide treatments 
was the formation of proliferated 
or gnarled callons tissue in the root
stem transition zone ancl primary
root system. This phenomenon 
was most pronounced in 2,4-D
treated plants, considerably less in 
2,4,5-T-trented plants, and infre-

U.S. DEPT. OF AGRICULTURE 

FIGURE 3.-Plant response 1 month after 
treatment to 0.001 (top) and 0.1 
(bottom) pound per acre of 2-(2,4-
DP) applied as foliar sprays to cotton 
at the early-square stage. 

quent or absent in pla,nts. trea.ted 
with the phenoxyprOplOIl1C uClds. 
The development of caUons tissue 
wus pronounced when 2,4-D was 
used at 0.1 pound per acre on cotton 
plants in both the early-square and 
full-bloom stages of development 
and when 0.01 pound was used on 
cotton in full bloom. 'When 2,4, 
5-T was used at 0.1 pound, prolifer
ation of growth wus pronounced on 
plants treated in both the early
square and full-bloom stages. 

The effects of the four herbicides 
on the development of callous tissue 
are shown in figures 6 and 7. 

The yields of seed cotton. ~ere 
reduced in 1954 by all herbICIdes 
and all rates of applications wh~n 
treatmClnts were made on cotton 111 
the early-square stage of develop
ment as shown in table 1. Similar 
results were obtained in 1955, e:c
cept that O.OQ1 pound per acre dId 
not reduce YIelds when 2,4,5-T,2
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FIGURE 4.-Plllllt response 1 month after treatment to 0.001 (top) and 0.1 
(bottom) pouud per acre of silvex applied as foliar sprays to cotton at 
tho early-sqUlll:e stage. 
670009 ()..-G3--2 
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FIGURE 5.-Typical response of various 
organs of cotton plant to foliage appli
cations of 2,4-D: A, Leaf; B, terminal 
growth; a, squares ·and bracts; D, 
bloom; JiJ, boll. 

FIGURE 7.-Response of tissue in the root
stem transition zone of cotton to 0.1 
pound per acre of 2,4,5-T (top) and of 
silvex (bottom) applied as foliar 
sprays at the early-square (E) and 
full-bloom (F) stages of development. 

(2,4-DP), or silvex was used. 
Both2,4-D and 2,4,5-',1.' reduced 
yields of seed cotton when applied 
at the full-bloom stage, except when 
0.0001 pound per acre was used in 
1954. The 0.1- and O.01-pound 
rates of 2-(2,4-DP) reduced yields, 
but the 0.001 and 0.0001 rates did 
not. Similar results were obtained 
with silvex, except that 0.001 pound 
per acre reduced yields in 1955. 
All herbicides reduced yields of 
seed cotton when applied at 0.1 

FIGURE 6.-Response of tissue in the 
root-stem transition zone of cotton to 
0.1 pound per ·acre of 2,4-D (top) and 
of 2-(2,4-DP) (bottom) applied as 
foliar sprays at the early-square 
(JiJ) and full-bloom (F) stages of 
development. 



~ " 
TABLE I.-Effect on seed cotton yield of ester f01'1n1dati01!s of 2J-D, 2J,5-T, 2-(£y,.-DP), and silverc applied on 

diffe1'ent dates in 1954- and 1955 

1954 yield per acre when herbicide 1 !l55 yield per acre when h~rbicide ~ 
was applied at indicated ~{.age was applied at indicated stage l'!! 

of plan t growth on- of plant growth on-Herbicide and rate 
(pound per acre) Average •. I Average ~ 

rJlJune 18 July 23 August 19 June 24 July 25 September l'!! 
(Early (Full (Early (Early (Full 2 (Early

square) bloom) boll) square) bloom) boll) .~ 

Pounds Pounds Pounds Pounds Pounds Pounds PoundsPounds I n 

2,209 2, 399 2,432 2,346 2, 702 2,601 2,550 2,626 ~ 
None_____________________ ( _______________ ) ~ 
24-D: 2 083 2,684 --------- ----1- 591 2,399' 0.0001 - ------------------- --------0- l' 452 2, 368 1) 1 298 g~~ ,631 2,298 l'3.OOL_________________________ 0 ' 442 2,651' 25 126 1,591 o1,086 

:~:::::: :::::::::::::::::::::: 0 __________ __________ ________ ) ~ 

.... 
245-T: 1 927 2,558 ------75- ----2-247- -- 2,651 ~ 

I 

' , O.OOOL ________________________ ----1-548- l' 598 2, 432) 1 523 f i' g20 l' 793 2,525
.OOL _______________ ,,_________ , 416 ' 917 2,305 ' 1 '152 ' 76 1,591 1,667:1:::::::::::::::::::::::::::: 0 ___ ____ ___ ___ _______ __________ ) ~ 

2-(2,4-DP): 2,242 2,462 ---2-525- ----2-374- 2,828 i;jO.OOOL ________________________ ----i-16ll 1,957 2, 2(2) 1,442 ( 2' 298 1: 919 2,727
.OOL__________________ ---____ '253 538 2,116 '505 253 1,717 t"1,894:11::::::::::::::::::::::::::: 0 ____ _____ _ __ ___ _____ _ ______ ) ~ 

'=' 
Silvex; - 1 957 2,399 . ---2-677- ----2-247- --- 2,525O.OOOL ________________________ ----i-6ii- 1: 704 2,462) 1, 462 ( l' 970 I; 717 2,298

.OOL_________________________ , 416 505 2,116 , 455 455 1,843 1,793 m 

I 
~:?~~===--------------======--= 0 ________ _ ________ _ 

L.S.D. at 5-percent leveL___________ _ 217 750 (:) 404 328 530L.S.D. at I-percent leveL ___________ _ 289 997 530 429 682 rJl 

Not signifieant. 

(C 

I 
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pound per acre on cotton in the yield differences among the other 
early-boll stage, but the other rates three herbicides could be detected. 
did not. In 19M: the phenoxy propionic acids 

Yields were reduced much more tended to reduce yield more than 
by 2,4-D than by the other three did 2,4,5-Tj however, in 1955 the 
herbicides in both years. Little reverse tended to be true. 

Response of Cotton to Soil Applications of Herbicides 

Although the study spanned a 
2-year period, it is impractical to 
attempt to combine rears because 
the rates of applIcation were 
altered. Within 3 days after the 
1956 herbicide application, typical 
2,4-D symptoms were apparent in 
all 2,4-D-t.reated plants, whereas 
only an occasional distorted leaf 
could be found among MOPA
treated plants. On the 2,4-D
treated plants, large numbers of 
flowers died but did not "abscise" as 
would normally be expected. The 
pedicels of the dea<;l flowers re
mained green; apparently the ab
scission layer in the pedicel did not 
de v el 0 p normally. Defoliation 
was likewise extremely poor on 
2,4-D-treated plants. The leaves 
were killed by frost but did not 
abscise :from the plant. These 
same features were noted to a 
limited extent on the MOPA
treated plants. Figure 8 shows the 
contrast between the 2,4-D- and 
MOPA-treated plots at harvest. 

FIGURE B,-Comparison at barvest of 
cotton plants treated at the early
square stage with soil applications of 
2,4-D (left) and l\!CPA (rigbt), 

1, 

0.1t; lb. i 1.00 lb. 

FIGURE 9,-Response of tissue in the 
root-stem transition zone of cotton to 
various rates of 2,4-D (top) and 
MCPA (bottom) used as side-dressed 
soil applications at the early-square 
stage, 

After harvest, roots were selected 
at random and were removed from 
each of the treatments. The roots 
were examined and evaluated as to 
the amount of abnormality that oc
curred in the root-stem transition 
zone. The data showed that ab
normalities were far more pro
nounced on the 2,4-D-treated 
plants. In figure 9 theabnormali
ties of roots of 2,4-D-treated plants 
are contrasted with "those of 
MOPA-treated plants. 

Although statistical significance 
was lacking, examination of the 
see(l-index and boll-size data in 
table 2 shows that seeds from 2,4
D-treated plnnts tended to be larger 
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and bolls smaner than those from seeds may ]lave been due to fewer 
MCPA~treated or untl'eatecl plants. seeclsper boll. 
Although the number of seeds per Injury symptoms on the foliage 
boll WllS not determilled, the trend in 1957 were much less pronounced 
toward smaller bolls and larger than in 1956, when higher rates of 

TABLE 2.-Etfect of sicle~cl'l'essed soil applications of alkanolamine salt 
/or·mulatio7/.8 of ~!rD anil MOPA on cotton in 1956 anil1957 

1966 

Injury ratings 1 Seed 
Herbicide and ratc Seed .Boll size cotton 
(pounds per ncrc) index yield 

Foliage Taproot 

,Gra1/ls per Grams Pounds 
______________________ 100 seeds per boll per acre 

~one 

14.0 7. 9 0 0 3,682 
2,4-D;0.50___________________ 

15.8 7.8 7 8 1,512.75 ___________________ 
15.1 7. 0 9 10 1,0251.00___________________ 
14. 6 6. 5 10 10 7501.50, _________ ,_,_________ 16. 2 6. 1 10 10 500 

MCPA:0.25___________________ 
14.0 8. 5 1 0 2,962.50___________________ 
14.1 7.8 2 0 2,900.75___________________ 
15. 6 8.7 3 0 2,8001.00___________________ 14.4 7. 7 3 1 2, 750 

L.S.D. at 5-percellt leveL ____ (Z) (I) -------- -------- 547 
L.S.D. at I-percent leveL ____ -_ .. _------ ---------- -------- -------- 795 

.
1957 

Seed cotton yield when herbicides 
were applied on-

Herbicide and rate (pound per 
acre) Average 

.Tune 3, 1957, June 17, 1957, 
and followed by and followed by 
four irrigations nine irrigations 

Pounds per 
Pounds per acre Pounds per acre acre 

~one_________________________ 
4, 030 4,205 4, 120 

2,4-D:0.010 _____________________ 
4,420 4,310 4,365.025 ______________________ 
4,290 4,570 4,430.100 _____________________ 
3,880 3, 400 3,640.250__________._,__________ 3,725 2,535 3, 130 

MCPA:0.100_____________________ 
3,885 4,463 4,225.250 _____________________ 
4,095 4,140 4, 120.500 _____________________ 
4,050 3,360 3,705 

L.S.D. at 5-percent leveL _______ (2) 590 
L.S.D. at l-percent leveL _______ 820 

I Based on 0 fot no injury to 10 for severe injury. 

2 ~ot significant. 




-- - -- - - - ----- - ------- ----------

I-l 

TAIn..E a.-Effeot of side-dressed soil applications of ~J-D and MOPA. onootton fiber quality when two different 
~ 

Hcrbicide and rate 
(pound per acre) 

None_______________________ 

2,4-D:0.010___________________ 
.025 ___________________ 
.10____________________ 
.25____________________ 

MCPA:0.] 0 ____________________ 
.25____________________ 
.50____________________ 

irrigation schedules were wed in 1957 


I 
~ 
t'!l 

Effect on fiber characters I when herbicides were applied OD-

June 3, 1957, and followed by four irrigations June 17, 1957, and followed by Jiine irrigations 

EIUHM ~I_u_ TI 

1. 05 O. 87 83 1. 83 7.2 


1. 06 .87 82 1. 88 7. 0 

1.08 .91 85 1. 88 7.7 

1. 08 .91 84 1. 85 7. 2 

1. 04 .86 82 1. 78 7.1 


1. 06 .90 85 1.81 7.4 

1. 08 .93 86 1. 91 7.4 

1. 08 .90 83 1. 81 7.1 


1 Fiber characters from U.S. Dept. Agr., Crops Res.; Results 
of 1960 Regional Cotton Variety Tests by Cooperating Agri
cultural.Experiment Stations, ARS-34-30, Sept. 1961. 

UHM-upper half mean-length in inches of half the fibers, 

by weight, which contains the longer fibers. Values ap

proximate classer's staple. 

M-mean-average length in inches of all fibers longer than 

~ inch. .. 

U-uniformity-ratio of mean length to UHM expressed in 

percentage. 

TI-fiber strength of a bundle of fibers measured on the 

Stelome.ter with two jaws holding the fiber bundle separated 

by %-inch spacer. Strength expressed in terms of grams 

per grex. 


...; .....-. ". 

A D UHM M U TI EI A :b 	 @ 

485 34 1. 06 O. 88 83 1. 83 7. 9 526 54 
 I 

456 37 J.08 .90 83 1. 83 7.4 539 59 
 ... 
469 40 1. 07 .90 84 1. 77 .7.5 536 58 	 ~ 


QO464 34 l. 08 .89 83 1. 82 7. 4 547 63 

464 35 1. 05 .87 83 1. 84 7. 4 57i 59 	

c:) 


c:\

467 42 L 04 .88 85 1. 74 7. 7 504 55 
 fn477 43 1. 04 .87 84 1.83 7. 8 527 55 


.1;1457 39 1.05 .87 83 1. 76 7. 4 540 59 


EI-percentage elongation at break of the center j~ inch of ~ 

the. fiber bundle measured for "TI" strength on the 

Stelometer. ~ 

A-Arealometer measurement-"A" is a measure of the 

external surface area of the fibers of a given volume of 

fibrous material expressed in terms of square millimeters ~ 

per cubic millimeter of fibrous material. 

D-Arealometer measurement-difference between the 
 g
values of the specific area determined at "high pressure 
(Au)" ilnd the value of the specific area determined at 
standard pressUre ("A" measured above). "D" is the e 
measure of .the flatness of the fiber ribbonji.e., the higher 
the "D" value, the more ribbonlike are the fibers. 

"~"-~,.",-.".,.:>;"",.".~".,,, 



.RESPONSE OF COTTON TO 2,4-D AND RELATED HERBICIDES 13 

application had been used. At 0.01 
pOlUld per acre 2,4-D failed to pro
duce injury symptoms. Only slight 
symptoms were produced with 
0.025 pound and modernte to severe 
symptoms with 0.10 and 0.25 pound. 
MCPA,. at the rates used, produced 
only slight to moderate injury 
symptoms on the cotton leaves. 
Unlike 1956, when great abnormali
ties occurred in the root-stem tran
sition zone qf plants treatecl with 
2,4-D, none (if the 1957 trentments 
caused noticedble injury. 

In 1956, seed. cotton yields were 
drastically reduced by the 2,4-D 
treatment, as shown in table 2. The 
reduction was in direct relation to 
the rate of application. The plants 
treated with MOPA produced 
about two or three times more 
cotton than those treated with 
2,4-D at similar rates. However, 
the former produced less seed cotton 
than the untreated plants. 

The yields of seed cotton in 1957 
were not altered by either 2,4-D or 
MOP.A.. when treatments were made 
at the very early-square stage and 

were followed by an infrequent 
irrigation schedule. 'Vhen cotton 
wus treated .2 weeks later and a 
more frequent irrigation schedule 
(comparable to that of 1956) was 
used, 0.25 and 0.10 pound per acre 
of2,4-D and 0.50 pOlUld per acre of 
MCP_"- caused reduced seed cotton 
yields.None of the herbicide treat
ments caused seed cotton yields to 
be increased. 

Examination of the 1957 fiber
qunlity data for 2,4-D- or MOPA
treated plants fails to indicate any 
marked effects due to herbicide 
treatment, as shown in table 3. 
The A and D readings were differ
ent for the two dates of herbicide 
application, but close examination 
of the data for fiber of untreated 
plants indicates that these differ
ences were due to the different irri
gation treatments. The higher A 
and D readings obtained for fiber 
produc~d with nine irrigations 
indicate greater immaturity of fiber 
than was obtained with four 
irrigations. 

Response of Cotton to Simulated Drift Rates of an 

Alkanolamine Salt Formulation of2,4-D 


The yields of seed cotton har
vested at each of the two pickings 
and the totnl yields are shown in 
table 4. A1though the yield data 
for the 2 years lire generally in close 
agreement, certain deyiations occur. 
At 0.1 pound per acm2,4:-D re
duced seed cotton yields at the first 
picking at all dates of application 
in 1958 and all dates except A.ugust 
15 in 1959. 

Seed cotton yields at the first 
picking were also reduced by 0.01 
pound per aCre of 2,4-D at all dates 
of application, except on A.ugust:. 15 
in 1958, and hy similar treatments 
011 .June 15 and .Tuly 15 in 1959. 
None of the other treatments caused 
first-picking yield reductions. 

In 1958 the second-picking data 
show that yields of seed cotton were 
reduced with 0.1 pound per acre of 
2,4-D ",hen applications were made 
on June 15 and August 15. Yield 
depressions with this rate of appli
cation appeared to be as great with 
the .July 15 treatment, but could 
not be statjstically supported. In 
1959 the July 15 application of 0.1 
pound per acre of 2,4-D was the 
only treatment in which the second
picking yield was reduced. In both 
years second-picking yields were 
significantly increased when 0.01 
pound pel' acre of 2,4-D was ap
plied on June 15, an indication that 
a part of the first-picking yield loss 
was recovered. 



-- --

--

~ 
~ 

~ 

~ 
TABLE 4.-Effecton seed cotton yield of low rates of an alkanolamine salt formulation of SJ-D applied on dif

I 
~ ferent dates in 1958 and 1959 

1958 

Yield per acre at designated picking when applications were made on-
Average 

.... 
~Unte of 2,4-D May 15 June 15 July 15 August 15 ()O
(pound per /lere) <C 


1st 2d 1st 2d 1st 2d 1st 2d 1st 2d ~ 
pick- pick- Total pick- pick- Total pick- pick- Total pick- pick- Total pick- pick- Total fn
ing ing ing ing ing ing ing ing ing Ing 

'=' 
0______________ Lbs. L/Is. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Los. Lbs. ~ 

3,378 600 3,978 3,342 678 4,020 3,558 600 4, 158 3,300 618 3,918 3,396 624 4,020.00001 __________ 3, 480 600 4,080 3,282 618 3,900 3,558 600 4, 158 3,300 558 3,858 3,408 594 4,002.OOOL __________ ~ 3,540 600 4, 140 3,240 678 3,918 3,480 582 4,062 3,078 558 3,642 3,336 606 3,942.001 ____________ 3,624 558 4, 182 3,258 600 3,822 3,498 660 4,158 3, 138 678 3,822 3,372 624 3,996.01 _____________ 2,820 678 3,498 2,280 1,098 3,378 2,382 558 2,940 3,042 582 3,618 2,634 726 3,360.L_____________ ~ 1,938 480 2,418 222 342 558 I, 158 360 1,518 2,340 438 2, 778 1,416 408 1,818 
A verage ____ ~3, 132 588 3,654 2,604 672 3,264 2,940 558 3,498 3,036 576 3,606 ------- ----- ------

j,.S.D. at 5-per- ~ 
cent IcveL ____ 246 (I) 264 348 (I) l".I138 300 474 564 438 138 426 ------- ----- ------L.S.D. at I-per
cent leveL ____ 354 ---- - 378 492 192 426 672 ----- 804 624 (I) 594 ------- ----- -----

.. 




----

~ 

1969 
1 

• 


...'" O.~_ •..•.• _____ 2,160 408 2, 568 2, 244 492 2, 736 2,160 456 2. 616 2,244 540 2,784 2,202 474 2,676~ .OOOL. __ ~ ______ ~ 
o 	 2,112 420 2,532 1,992 528 2, 520 2,184 456 2,652 1,992 492 2,484 2,070 474 2,550
<::> 	 .001. ___________ f(j.3,268 444 2,736 2,172 468 2,640 2, MO 492 2,832 2,112 468 2,580 2,226 468 2,694,01.____________f .1 ______________ 2, 196 372 2, 568 1,296 744 2,040 1,452 444 I, 896 2, 100 492 2,592 1,764 516 2, 274 

540 360 900 324 504 828 612 132 744 1., 836 408 2,244 828 354 1,182 ~ 
Avemgc ____ 1,854 402 2, 256 ],608 546 2,154 1,752 396 2, 148 2,053 480 2,538 ------- ----- -----r 	 --

--
~ 

L.S.D. 	lit. 5-per
cent leveL ____ 408 (I) 402 366 186 360 378 66 414 (I) (I) 306 ------- ----- --- - --


L.S.D. at I-pcr-	 ~ 
CClIt leveL ____ 564 ---- - 552 510 (I) 492 522 90 570 -- - - - -- ----- (I) ------- ----- ----- ~ 

-!... 

1 Not significant. 	 o 8 

~ 

I""""t:1 

~ 
~ 
~ 
t':l 
t:1 

m::u 
~ 

~ 
IJl 

I--" 
c.n 
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FIGURE 10.-Response 6 weeks after treatment of plants A, B, and 0 to 0.001, 0.01, 
and 0.1 pound per acre of 2,4-D, respectively, applied as foliar sprays to cotton 
on May 15. Note the retarded development of the central axis of plants Band O. 

A pictorial record of plants 
treated with 2,4-D at 0.001, 0.01, 
and 0.1 pound per acre in 1958 is 
shown in figures 10-13. The mor
phological symptoms produced by 
2,4-D treatments were very similar 
for both years. In each year very 
slight epinastic effects were ob
served on individual leaves of 
cotton after treatment with 0.001 
pound per acre of2,4-D on May 15, 
but on no other date with this rate. 
No morphological symptoms were 
observed with lower' rates of 2,4-D 
on any of the four dates of applica
tion. 2,4-D injury symptoms with 
the 0.1 and 0.01 pound per acre were 
observed on all four dates of appli
cation but were different for each 
date. 

'Vhen 2,4-D treatments were 
made on May 15, both 0.1 and 0.01 
pound per acre arrested the termi
nal growth of cotton plants and 
eventually killed the central axis of 
most plants. Lateral branches, usu
ally three or four, developed near 
the base of most plants prior to the 
death of the central axis. A few 
plants were killed by 0.1 pound per 
acre.. The new growth on the lat
eral branches of plants treated with 
0.01 pound per acre was nearly 
normal, whereas epinastic effects 
were evident on many of the leaves 
that developed on the lateral 
branches of plants treated with 
2,4-D at 0.1 pound per acre. 

Lateral branching had occurred 
at the time of the June 15 applica-

FIGURE 1l.-ResIJom;e (i weel;:s ufter treatment of plants A, B, nnd 0 to 0.001, 0.01, 
and 0.1 pound per acre of 2,4-D, respectively, applied us fOliar spt·Uys to cotton 
on June 15. Note the epinasty in the terminal growth, particularly Oil plant O. 
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FIGURE 12.-Response 6 weeks after treatment of plants A, B, and a to 0.001, 0.01, 
and 0.1 pound per acre of 2,4-D, respect iyely , applied as foliar sprays to cotton 
on July 15. 

tion of 2,'1-D, and the central a~-is 
of most plants continued to be 
dominant. The fnlly expandecl 
leaves remained nearly normal on 
plants treated with 0.1 pound per 
acre of 2,4-D, but severe epinastic 
effects occurred on the vegetative 
growth that developed after treat
ment. There were no open flowers 
at the time of .application, and 
.2,4-D atTested the development of 
most fruiting organs. At 0.01 
pound per acre the 2,4-D injury 
symptoms were similar to those at 
the O.l-pound rate but much less 
severe. Although the vegetative 
growth after tu!atment was mal
formed to a grent extent, many 
fruiting organs sUt'\'ived and pro
duced small, poorly formed bolls. 

By July 15 the cotton plants were 
nearing the maximal rate of flower
ing and had produced bolls varying 
up to full size. At 0.1 pound per 
acre 2,4-D caused marked epinasty 
in the terminal growth of the plant 
that developecl after treatment and 
arrested development of many flow
ers and immature bolls. The few 
mature bolls appeared to develop 
normally. At 0.01 pound per acre 
2,4-D caused symptoms very simi
lar to those produced by treatment 
made a month earlier, except that 
the pronounced symptoms were con
fined to H, much smaller area of the 
plant. 

In both years the cotton plants 
had reached "cut-out" by August 15. 
Thus there was little further termi-

FIGURE 13.-Response 6 weeks after treatment of plants A, B, and a to 0.001, 0.01, 
and 0.1 pound per acre of 2,4-D, respectively, applied as foliar sprays to cotton 
on August 15. 
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nal growth, and very few epinastic 
e.ft'ects were observed. At 0.1 pound 
per acre 2,4-D killed many small 
bolls, flowers, and squares and 
caused curling and death of numer
ous mature leaves in a· manner typi
cal of contact-type herbicides. At 
0.01 pound per acre 2,4-D caused 
similar but less extensive symptoms. 
The plants treated in Au~ust, failed 
to defoliate properly. This was 
particularly noticeable with 2,4-D 
at the two higher rates of applica
tion. The herbicide treatments ap
peared to "freeze" the leaves on the 
plant by arresting the development 
of the normal abscission layer in the 
leaf petiole. Because 0.1 and 0.01 
pound per acre of 2,4-D applied on 
Ma.y 15 killed the primary or cen
tralaxis of the plant, all seed cotton 
was produced on lateral or second
ary growth. This caused the plant 
to'be considerably shorter than nor
mal at harvest. With 0.01 pound 
per llcre, epinastic effects were not 
generally n.pparent in the secondary 
growth, although with the higher 
rate epinastic effects were marked, 
an indication that much more 2,4-D 
was being transported in the plant. 

The 0.1 and 0.01 pound per ncre 
of 2,4-D applied on ,Tune 15 pro
duced the most marked epinastic 
effects of llny treatment date, as 
measured by theappearnnce of the 
plants at. the time of the first pick
ing. Seed cotton yields were grently 
reduced by these treatments. The 
injury produced with 0.1 pound per 
acre of 2,4-D persist.ed throughout 
the remainder of the season, where
as there was some recovery with 0.01 
pound. This was evlclent hecause 
this treatment was the only one in 
which second-picking yields were 
improved as compared with yields 
of untreated plants. 

The yields of cotton treated with 
0.1 and 0.01 pound per acre of 

2,4-D on July 15 likewise were re
duced. There was no indication 
from second-picking yields that 
plants recovered from these treat
ments. Production from plants 
treated with these two rates of .2,4-D 
in .July was obtained mostly from 
bolls that were already on the plant 
at the time of treatment. 

By August 15, 90 to 95 percent of 
the total cotton crop can be expected 
to be "set" on the plants. Flowers 
formed by September 1 will fre
quently produce an open boll. The 
reduced total yield with 0,1 pound 
per acre of 2,4-D is probably due to 
the fact that treatment arrested the 
development of immature bolls and 
prevented boll set from flowers pro
duced subsequent to treatment. 

There was no evidence of in
creased seed cotton yields with 
2,4-D at any of the rates used on 
the four application dates. 

The effects of foliar applications 
of .2,4-D on fiber and boll properties 
are shown in table 5. These data 
indic.'tte that none of the applica
tion rates of 2,4-D had marked ef
fects on fiber and boll properties 
except 0.1 pound per acre. 

At 0.1 pound per acre 2,4-D ap
plied on May 15 reduced the boll 
size and lowered the lint index. A 
similar application made on .Tune 
15 reduced the uniformity of fiber 
length, causeel immaturity of fiber, 
and reduced boll size. The July 
application shortened fiber length, 
impaired maturity, and reduced boll 
size. Similar results were obtained 
for the August 15 application in 
1958, but no detrimental effects were 
observed in 1959. The experiment 
was located on a lighter soil in 1959, 
and this factor may well have caused 
the plants to be more mature at the 
time of the August application in 
that year. 

http:persist.ed
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Progeny Response of Cotton Treated With Herbicides 
Seed was saved from certain of 

the herbicide experiments in these 
studies to determine the effects of 
the herbicides on seed quality. 
Factors considered were germina
tion, seedling vigor, appearance of 
seedling plants, and productivity. 

Progeny Response of Cotton 
Plants Treated With Side
Dressed Soil Applications of 
2,4-D and 111CPA 

The plant-emergence data and 
seed cotton yields of progeny from 
1956 herbicide treatments and 
grown in 1957 are shown in table 6. 
The progeny-emergence data show 
that 0.75, 1.0, and 1.5 pounds per 
acre of 2,4-D impaired seed quality 
as reflected by reduced germination. 
Delayed emergence was also encoun
tered with the same treatments. 
The emergence from seed of the 
MCPA-treated plants wus not clif
ferent from that of untreated 
plants. No malformed seedlings 
were observed from MOPA-treated 
plants. In addition, the seedlings 
as indicatecl by cotyledon size ap
peared to show more vigor than 
seedlings from untreated plants. 
The seedlings from 2,4-D-treated 

~~GURE 14.-Malformed first true leaves 
(bottom) oJ progeny of cotton plants 
treated with 2,4-D compared with 
leaves of progeny of untreated plants 
(top). 

plants were l-educed in vigor. Ap
proximately 10 percent of the seed
lings from plants treated with the 
1.5 pounds per acre of 2,4-D had 
malformed first true leaves. These 
leaves were long, narrow, and crin
kled, as shown in figure 14. Normal 
seedlings were produced from 
plants treated with the lowe1' rates 
of 2.4-D. 

TI~e seed cotton yields from prog
eny of 2,4-D-treated plants were 
not reduced, but a definite tl-end to
ward l-educed yields was showll with 
progeny of plants treated with 1.5 
pounds per aCl-e. The seed cotton 
yields from progeny of plants 
treated with the varions rates of 
MCPA were not different from each 
other, nor were they different from 
yields of progeny of untreated 
plants. 110wever, there appeared to 
be a tendency for progeny of 
MCPA-treated plants to yield more 
than progeny of untreated plants. 

The same lots of seed were again 
planted in 1958. However, slight 
changes in methods occurred. The 
floating seed in the delinting proc
ess was discarded in 1957, but not in 
1958. Emergence counts were m!lde 
at earlier dates in 1958. It should 
be noted that cottonseed held in 
storage for ayear often will germi
nate more rapidly than llew seed. 
This is vividly shown by comparing 
the early-emergence data of 1956 
lots of seed from untreated plants 
grown in 1957 and 1958. (See 
tables 6 and 7.) 

The progeny response of plants 
treated with herbicides in 1956 but 
planted in 1958 is shown in table 7. 
The plant-emergence data, although 
collected at earlier dates, are in close 
agreement with those collected a 
year earlier. It was again shown 
that plants treated with 0.i5, 1.0, 
and 1.5 pounds per acre of 2,4-D 
produced seed ·of impail'ed quality. 
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TABLE 5.-Effect of foliage applicatwm of ~';"-D on (Jottonfiber and seed quality in 1958 aruJ 1959 1 ~ 
19fi8 

Fiber characters • Boll characters 3 

Date and rate of 2,4-D 
(pound per acre) 

UUM M U T\ A D 
Lock 

weight 
Seed 
index 

Lint 
index 

May 15:O_________ ~ __________ 
.00001 ________________ 
,0001 _________________ 
.001 ______ ~___________
.01 ___________________ 
.1 ____________________ 

1.11 
1. 07 
1. 06 
1.10 
1. 08 
1.10 

0.90 
.89 
.86 
.89 
.87 
.89 

81 
83 
81 
81 
81 
81 

1.93 
2. 05 
l.95 
1. 93 
1. 98 
2.03 

475 
433 
456 
475 
465 
491 

19 
12 
15 
22 
16 
25 

1.8 
1.7 
1.7 
1.7 
1.6 
1.6 

13.5 
13.2 
13.0 
13.0 
12.9 
12. 5 

8. 7 
8. 6 
8. 6 
8. 4 
8. 6 
8. 1 

June015: _______ - ____________ 
.00001 ________________ 
.0001 _________________ 
.001 __________________
.01 ___________________ 

1. 09 
1. 07 
1. 07 
1. 05 
1. 10 

.89 

.86 

.85 

.83 

.88 

82 
81 
80 
79 
80 

1. 89 
L 99 
L 93 
L 98 
2.08 

446 
460 
461 
497 
495 

16 
21 
17 
31 
21 

1.7 
1.8 
1.8 
1.6 
1.6 

13. 2 
13.4 
13. 1 
13.1 
13.4 

8. 9 
8. 9 
8. 2 
8. 5 
8. I 

.] ------- -  -- --  ----
July 015: ____________________ 

.00001 ______________ ~_ 

.0001 _________________

.001 __________________ 

.01___________________ 

.1 ____________________ 

1. 04 

1. 08 
L 08 
1. 08 
1. 08 
1. 08 
1. 05 

.79 

.86 

.87 

.89 

.91 

.86 

.82 

76 

82 
81 
82 
84 
80 
78 

2. 09 

1. 94 
2.02 
1. 85 
l. 98 
2.01 
1. 96 

630 

450 
461 
440 
441 
457 
511 

41 

12 
18 
9 

16 
17 
31 

1.1 

1.7 
1.7 
1.7 
1.8 
1.8 
1.5 

12.4 

13.4 
12.8 
13.0 
13.5 
13. 9 
11. 9 

8. 6 

9. 1 
8. 6 
8.6 
9. 0 
9. 0 
8. 0 

August 15:0____________________ 
.00001 ________________ 
.0001 _________________ 
.001__________________ 
.01___________________ 
.J ____________________ 

1.08 
1. 08 
1. 06 
l. 08 
1. 08 
1. 06 

.89 

.88 

.84 

.89 

.87 

.84 

83 
81 
80 
82 
81 
79 

1.99 
l. 98 
l. 92 
1. 83 
2. 05 
1. 95 

437 
431 
444 
438 
452 
506 

10 
9 

14 
14 
15 
32 

1.8 
l.7 
1.7 
1.7 
1.7 
1.5 

13.9 
13.0 
13.2 
13.6 
13. 9 
12.3 

9. 4 
7.8 
7.9 
9,1 
9, 0 
6.31 

Lint 
percent 

39.3 
39.5 
40. 0 
39.2 
40. 0 
39.2 

40. 4 
39.8 
38. 6 
39.3 
37. 7 
41.0 

40.5 
40. 2 
39. 8 
40.0 
38. 3 
40.2 

40. 4 
39.8 
40. 0 
40. 1 
39.7 
39. 1 

Percent 
of crop 

har
vested 
at 1st 

picking 

85 
85 
86 
87 
81 
80 

83 
84 
83 
85 
67 
·10 

86 
86 
86 
84 
81 
76 

84 
86 
85 
82 
84 
84 

; 

~ 
t= 

~ 

~ 

~ 
,... 
~ 
go 

'" 
cj 
j1l 
1:i 

~ 

~ 

~ .... 

~ 

~ 

.. 



____________________ 

____________________ 

'II' 

1959 

l\Jay 15:0. _________________ -_ ~ .0001 _________________ 1. 09 0.91 83 1. 98 -------- ------_ .... 1.5 13.9 8. 7 38.8 84 
.001 __________________ 1. 09 .91 83 1. 99 -------- -------- 1.5 13.4 8.5 38.9 83 o ~ .01 ___________________ 1. 10 .90 83 1. 98 -------- -------- 1.6 13.5 8. 7 39.1 83 Z
.1 ____________________ 1. 12 .93 82 1. 96 -------- -------- 1.4 13.2 8. 4 38. 6 86 ~1. 12 .90 80 2.00 -------- - ------ 1.2 12. 1 7.0 36.6 60 

June015: 
.... 

1.]1.0001 ___________ -_____ .93 84 1. 98 -------- -------- 1.6 13.9 8. 8 38. 8 82 ~ 
.001 __________________ 1. 09 .90 83 2. 03 -------- -------- 1.5 13.5 8.5 38. 6 79 C')

I. 09 .90 82.01 ___________________ 1. 99 -------- -------- 1.5 13.6 8.6 38.7 82 
.1 _____ - ______________ 1. 09 .87 80 2. 09 -------- -------- 1.3 12.9 7.6 37.4 64 ~ 

July 015: ~ 
1.11 .85 77 2. 07 -------- -------- 1.1 13.6 7.5 35.6 39 

.0001.________________ I. 10 .92 83 2. 02 -------- -------- 1.6 13.5 8. 7 38.8 83 ..;J.
1. 09 .90 83 2. 00 1.6 13.5 8.8 39. 2 o.001 __________________ -------- -------- 82 
1.10 .91.01 ___________________ 83 2. 00 -------- -------- 1.6 13.8 8.8 38. 8 83 

",t.:I
.1 ____________________ 1. 07 .87 81 2. 07 -------- -------- 1.5 14. a 8. 4 37.6 77 lI>oI. 03 .83 81 1. 99 -------- -------- 1.3 11. 4 7.6 40. 1 82 

August 15: ~0____________________ 
.0001 _________________ -------- -------1. 09 .91 83 2.04 1.6 13.8 8.9 39. 1 81 
.001 __________________ 1. 10 .91 83 2. 00 -------- --- ... ---- 1.5 13.4 8. 5 38.9 80 ~ 

I 
~.01 ___________________ I. 09 .90 82 2. 02 -,--_._-- -------- 1.6 13.7 8.8 38. 9 82 

.1 ____________________ J. 09 .90 82 2.01 -------- -------- 1.6 i3.8 8. 7 38. 6 81 
I. 09 .90 82 2.0·1 -------- -------- 1.5 13.7 8. 8 37.9 82 

I Fjrst-picking dntn. lint removed by ginning). 
2 See table 3, footnote 1. Lint index-weight in grams of lint or fibers ginned from ~ 

I Boll characters: 100 seeds. 
Lock weight-weight ill grnms of the contents (se(!d and Lint percent-weight of lint ginned from a sample of seed ~ 
lint) of one locule of n cotton boll. Used as all estimate of cotton expressed .as a percentage of weight of seed cotton 
boll size. (seed and fibers). S 
Seed index-weight in grams of 100 fuzzy seeds (seed after 8 

t!1 
rn 

t-:l ..... 
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TABLE 6.-Etfect of ~,4.-.D and MOPA on pl'ogeny gro'wn in 195'7 from 
ootton plants t1'eated in 1956 'with side-dl'essed soil applioationsof 
hel'oioides 

Progeny emergence per 0.002 acre at Seed 
Herbicide and rate (poundsI designated days after planting cotton 

per acre) of parental yield 
treatment (1956) per 

acre I 
14 15 16 17 37 

I 
Number Number Number Number Number PoundsNone ____________________ 

72 
2,4-D:0.50______ . _________ . __ 66.75 _________________ 

521.00_________________ 
541.50_________________ 
40 

MCPA:0.50_________________ 73.75 _________________ 
741.00_________________ 
81 

L.S.D. at 5-percent leveL __ 15 
L.S.D. at I-percent leveL__ .20 

1.26,000 plants per acre population. 
2 Not significant. 

The 1957 data (table 6) indicate 
that 0.5 pound pel' acre may also 
have impaired seed quality. The 
1958 data supported the evidence 
insofar as delayed emergence was 
cOilcerned. The 1~58 data relative 
to the emergence of seed from 
MCPA-treated plants again show 
no evidence of impaired seed 
quality. 

MnHormed first true leaves were 
observed on progeny of pln,nts 
treated with 0.75, 1.0, and 1.5 pounds 
per ncre of 2,4-D. As in 1957 little 
evidence of malformed leaves was 
found on progeny of MCPA-treated 
plants. 

Although statistical significance 
was lacking in 1957, certain yield 
trends were evident. The 1958 yield 
data did not support these trends. 

Progen:y responses of plants 
treated in 1957 with side"dressed 
soil applications of 2,4:-D and 
grown in 1958 are shown in table 8. 
The plant-emergence data show 
tlmt 0.25 and 0.1 pound per acre 

81 86 86 84 3,.202 

72 
55 

73 
61 

75 
65 

75 
68 

3,333 
3,365 

61 65 68 70 3,202 
47 52 55 59 2,973 

78 
80 
86 

82 
84 
91 

81 
85 
93 . 

81 
86 
90 

3,496 
3,496 
3,496 

11 10 11 13 302 
14 13 15 18 (2) 

impaired the quality of seed. These 
were lower rates than those used a 
year earlier. There also was some 
indication that perhaps even lower 
rates may have reduced germina
tion. Progeny of plants treated 
with MCPA at 0.25 and 0.5 pound 
per acre in 1957 showed slight evi
dence of reduced germination. 

In the progeny of plants treated 
with herbicides in 1957, there was 
little if any indication of malformed 
true leaves. There likewise was no 
evidence of reduced seed cotton 
yields. 

Progeny Response of Cotton 
Plants Treated With Foliar 
Applications of 2,4~D 

The greenhouse study covered a 
period of 10 days after planting. 
Cotton seedlings began to emerge 
on the third day and daily plant 
counts were made at 4: p.m. for 8 
days. The flats were left in the 
greenhouse for several more days, 
but no further emergence was noted. 
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~ TABLl'J 7.-Effect of~,4-D and MOP A on progeny grown in 1958 f?'om cotton plant8 treated in 1956 with side
dressed soil applications of herbicides ~ 

Til 
trj 

Progeny emergence per 0.002 acre at indicated days after Mal- Seed- ~ 
Herbicide lWei rato (pounds per acre) of planting forlllod cotton 

purcnLul Lrcnlmen t (1956) leuves per yield per o 
100-foot acre I 

6 7 8 10 12 I 17 24 row ~ 
~ 

NonD _________________________________ Number Number Number Number Number Number Number NUin/Jer Pounds 8 

81 102 107 no 109 110 110 O. 6 3; 125 
o 

2,4-D: t-:)
0.50 ______________________________ 

48 75 92 102 102 102 103 2. 6 3, 150.75______________________________ "'"I
48 77 87 93 95 98 96 7. 0 3,0751.00______________________________ '=' 

1.50______________________________ 40 68 78 85 87 88 86 4.6 3,000 
23 43 57 68 72 73 76 8. 2 2,800 .~ 

MCPA:0.50 ______________________________ 
.75______________________________ 76 103 110 114 113 114 114 .6 2, 875 

1.00 ______________________________ 60 95 100 111 III III 111 .6 3,025 
75 104 113 115 110 117 115 .8 2,900 ~ L.S.D. at 5-percent leveL _______________ (2)21 12 8 9 9 9 9

L.S.D. at I-percent le\'eL _______________ 28 17 11 11 12 12 12 tS 
C. V. (percent) .. _______________________ • 29 11 7 7 7 7 7 ---------- --------- ~ 

1 32,500 plnnts per acre population. 
----

~ 

Sl 
2 Not significant. 9 

trj 
C/l 

t-:I 
~ 
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TABLE S.-Effect of ~,4-D and MOPA on progeny grown in 1958 from cotton plant8 treated in 1957 with side ;
dres8ed soil applications of herbicides 

C 

~ 
Progeny emergence per 0.002 acre at indicated days after Mal- Seed toHerbicide and rate (pound per acre) of planting formed cotton gparental treatment (1957) leaves per yield per 

lOO-foot acre J t;
6 7 8 10 12 17 24 row 

~ 
N1l'Inber Number Number Number Number Number Number Number Pounds ....

None _________________________________ t-'29 61 80 97 102 107 108 0.2 3,100 ()O 

2,4-D: <CI0.01 _______________________________ 
28 51 76 89 93 94 94 .2 3,375.025 _____________________________ 
33 64 82 94 99 102 102 0 3, 175 d.10_________________________-- ___ 
17 43 64 83 86 90 90 .8 3,075 fn.25______________________________ 
19 44 62 77 81 85 85 .2 3,250 

MOPA:0.10______________________________ 
37 65 88 100 102 104 104 .2 3, 150 .25______________________________ 
23 55 75 89 94 95 96 .4 3;100 ~ .50______________________________ 
23 55 76 87 89 92 92 .4 2,900 

~ hS.D. at 5-percent leveL _______________ (2) (2)16 12 10 8 8 9 --...,-------L.S.D. at I-percent leveL _______________ (2) (2) 16 13 11 11 12 ---------- ---------- ~ O.V. (percent) _________________________ 44 22 12 7 6 78 ---------- --------- § 
1 32,500 phnts per acre population. ~ 
2 Not significant. d 

~ 

" 
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TABLE 9.-Em£?'genee aM yield of p'rogeny grown in 1959 f1'om cotton plants t1'eated in 1958 with foliar appli

cation8 of ~,4-D 

Date and rate (pound per acre) of parental I 
treatment (1958) 

3 

Progeny emergence at indicated days after planting I 

4 5 6 7 8 9 10 

Seed 
cotton 

yield per 
acre! 

til 
l?! 
r(j 
0 
2l 
Ul 
l?! 

l\'Iay 15:0___________________________________ 
.00001 ______________________________ 
.0001 _______________________________ 
.001 ________________________________ 
.01 _________________________________ 
.1 __________________________________ 

June 15:0 ___________________________________ 
.00001 ______________________________ 
.0001 _______________________________ 
.001 ________________________________ 
.01 _________________________________ 
.1 __________________________________ 

JUly 15:0___________________________________ 
.00001 ______________________________ 
.0001 _______________________________ 
.001 ______ -- _______________________
.01 _________________________________ 
.1 __________________________________ 

Percent 

0 
1 
0 
1 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

Percent 

37 
38 
42 
43 
38 
28 

41 
61 
59 
47 
31 
6 

15 
26 
10 
10 
14 
1 

Percent 

69 
90 
77 
82 
71 
71 

86 
92 
91 
84 
73 
24 

66 
63 
63 
73 
54 
1 

Percent 

85 
93 
86 
90 
80 
87 

87 
93 
91 
86 
88 
34 

82 
85 
90 
91 
70 
1 

Percent 

92 
92 
86 
92 
82 
91 

87 
94 
91 
86 
88 
38 

89 
88 
94 
94 
75 

I 

Percent 

94 
91 
86 
92 
82 
90 

87 
94 
93 
86 
90 
42 

90 
90 
95 
94 
84 
1 

Percent 

94 
9,1 
87 
92 
86 
90 

88 
94 
92 
86 
90 
47 

90 
90 
94 
94 
85 
1 

Percent' 

95 
95 
88 
92 
86 
91 

90 
96 
94 
87 
90 
48 

91 
90 
94 
96 
86 

1 

Pounds 

2,730 
2,574 
2,548 
2,886 
2,)f~2 
~t 522 

2,548 
2,860 
2,886 
2, 496 
2,600 
1,638 

3,198 
2,678 
2,912 
2,964

12,860 
104 

0 
"'J 

0 
0 

~ 
0 
2l 
8 
0 

t;I 

'iI>., 
t::I 

~ 
t::I 

~ 
l?! 
t" 

~ 
l?! 
t::I 

August 15:0 ___________________________________ 
.00001 ______________________________ 
.0001 _______________________________ 
.001 ________________________________ 
.01 ____________________________ •.___ 

.~-----------------------------~----

0 
0 
0 
0 
0 
0 

19 
20 
17 
29 
6 
2 

71 
71 
64 
69 
31 
24 

88 
74 
82 
82 
47 
34 

94 
80 
86 
83 
55 
36 

94 
81 
88 
82 
63 
34 

94 
82 
89 
82 
74 
35 

94 
82 
89 
85 
80 
37 

s 3,640 
2,834 
2,574 
2,522 
1,768 
1,430 

~ 
::tl 
1::1... 
0... 
t::I 
l?! 
Ul 

I Average of five replications. ! Nonreplicated. 3 Yield influenced by border effect. ~ 
01 
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FIGURE 15.-Progeny of cotton plants 
treated with various rates (pounds per 
acre) of 2,4-n applied on July 15: (1) 
Untreated, (2) Q.00001, (3) 0.0001, (4) 
0.001, (5) 0.01, and (6) 0.1. Note the 
absence of germinated progeny of 
plants treated with 0.1 pound per acre. 

Examination of the data in table 9 
shows that the quality of seed pro
duced by plants treated with 0.1 
pound per ucre of 2,4-D in June, 
.July, and August was markedly im
paired. Seed produced by plants 
treated at this rate in JUly was so 
impaired l:nat there was practically 
no germinution, as shown in figure 
15. 

Seed produced by plants treated 
with 0.01 pound per acre of 2,4-D 
may likewise have been impaired. 
Although final emergence may not 
have been reduced, the rate' of emer
gence was decreased with seed from 
plants treated in August. The same 
trend, but to a lesser degree, ap
peared with seed from plants
treated in JUly. 

These conclusions were supported 
by the yields of seed cotton from 
the field rows. The one possible ex
ception was yields from seed of 
plants treated with om pound per 
acre of 2,4-D applied in July. 
However, the fact that this yield 
row bordered a row producing prac
tically no cotton undoubtedly af
fected the yield. 

Observations in the field failed to 
show any appreciable malformation 
of leaves on the progeny of plants 
treated with 2,4-D.However, a few 
seedling plants of the greenhouse 
study produced first true leaves that 
displayed symptoms of 2,4-D. 
These symptoms were found only 
on progeny from plants treated 
with 0.1 pound per acre in June, 
July, and August. 

SUMMARY 


Response of Ootton to Foliage 
Application.s of H el'bicides 

1. Low rates of the ester formu
lations of 2,4-D, 2,4,5-T, 2- (2,4-
DP), or silvex caused severe injury 
to cotton. The injury was corre
lated with the rate of application 
and decreased as the application 
date was delayed. 

2. Among the herbicides, 2,4-D 
caused far greater damage to cotton 
than 2,4,5-T, 2-(2,4-DP), or silvl?x. 
Little di /ference, except in morpho
logical malformation, was observed 
in cotton treated with the last three 
herbicides. 

3. None of the herbicides at the 

rates used tended to increase yields 
of cotton. . 

4. Morphological malformations 
caused by the herbicides were dis
similar. The phenoxyacetic acid 
herbicides caused pronounced 
"strapping" of leaves and fre
quently caused proliferation of cal
lous tissues in the .root-stem transi
tion zone of the plant. The phenox
ypropionic acid herbicides caused 
"cupping" of the leaves and showed 
little tendency to caw.,e prolifera
tion of root-stem tissues. All herbi
cides retarded defoHation of the 
plants and caused malformed flow
ers. 
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RESPONSE OF COTTON TO 2,4-D AND RELATED HERBICIDES 2.7 

Response of Cotton to SoIl 
Applications of Herbiciiles 

1. An alkanolllrnine salt formula
tion of 2,4':D, when used as side
dressed soil applications, caused 
greater damage to cotton than simi
lar treatments with an alkanola
mine salt formulation of ~ropA. 

~ 	 This was evidenced both bv seed 
cotton yields and morphoiogical 
abnorma lities. 

2. Neither 2,4-D nor MOPA at 
the rates used resulted in increased 
seed cotton yields. 
Response of Cotton to Simulated 
D1'i/t Rates of an Alkanolamine 
Salt Formulation of ~,lrD 

1. Ootton plants were damaged 
by an alkanolamine formulation of 
2,4-D at rates as low as 0.01 pound 
per acre., 2. 2,4-D at concentrations that 
caused marked epinasty of cotton 
plants also reduced seed cotton 
yields. 

3. Seed cotton yields were re
duced most drastically by a pplica
tions of 2,4-D at 0.1 and 0.01 pound 
pel' acre during the flowering and 
fruit-setting periods of plant devel
opment (June and .July). Yields 
were also depressed by these rates 
of 2,4-D applied to cotton in early 
vegetative stages of growth, but 
some recovery occurred. Although 
the central axis of the plant was 
killed or greatly retarded, recovery 
was manifested in the development 
of lateral vegetative branches. A 
part of the 2,4-D may have been 
isolated and trapped ill the dead 
tissues of the plant. 

4. 2,4-D applied at 0.1 pound per 
acre after "cut-out" of the cotton 
plant reduced total yield. Vegeta
tive growth for the most part had 

ceased and few epinastic I'esponses 
were observed. The reduced yields 
were probably due to the arrested 
development of immature bolls. 

5. Rates of2,4-D as low as 0.01 
pound per acre appliecl as foliar 
sprays on cotton retarded defolia
tion. 

6. Foliar applications of 2,4-D 
varying from 0.1 to 0.00001 pound 
per acre on four different dates did 
not increase cotton yields. 
Progeny Response of Ootton 

T1'eated With Hm'bicides 


1. The data showed that cotton 
plants treated with low mtes of 
2,4-D produced seed of inferior 
quality. 

2. The reduced quality was mani
fested by both reduced and delayed 
germination. 

3. Malformed first true leaves of 
progeny of plants treated with cer
tain rates of 2,-:l-D showed that 
epinastic responses could be trans
mitted. 

4. The quality of seed from 
plants treated with 2,4-D was im
paired markedly compared with 
seed from plants treated with 
MOPA. 
Effect of Herbicides on Fiber 
Quality of Ootton 

1. Fiber-quality data obtained on 
plants treated with soil applications 
of 2,4-D or MOPA failed to show 
any.marked effects due to herbicide 
treatment. 

2. Fiber quality was impaired by 
foliar applications of 2,4-D at 0.1 
pound per acre. The reduced fiber 
quality was most marked with ap
plications made in .June and .July. 
Little, if any, effect on fiber quality 
was observed when plants were 
treat~d at lower rates. 
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